Microvascular  Materials  for  Mass  and 
Energy  Transport 


V  "  I  A  S  -X-  \  W>-'  /Nj;  m-a.vv.\ 


Du  Nguyen,  Y.  Leho,  and  Prof.  Aaron  P.  Esser-Kahn 

Dept,  of  Chemistry,  Chemical  Engineering,  Materials 
Science 

University  of  California,  Irvine 


i  S.Alv/'A^VN-nC-Y.MrL?- 


2nd  Annual  Multifunctional  Materials  Meeting 
PM:  Dr.  “Les”  Lee 

Award  FA9550-1 2-1 -0352 


I TCT  RVTNTF 


Form  Approved 
OMB  No.  0704-0188 


Report  Documentation  Page 


Public  reporting  burden  for  the  collection  of  information  is  estimated  to  average  1  hour  per  response,  including  the  time  for  reviewing  instructions,  searching  existing  data  sources,  gathering  and 
maintaining  the  data  needed,  and  completing  and  reviewing  the  collection  of  information.  Send  comments  regarding  this  burden  estimate  or  any  other  aspect  of  this  collection  of  information, 
including  suggestions  for  reducing  this  burden,  to  Washington  Headquarters  Services,  Directorate  for  Information  Operations  and  Reports,  1215  Jefferson  Davis  Highway,  Suite  1204,  Arlington 
VA  22202-4302.  Respondents  should  be  aware  that  notwithstanding  any  other  provision  of  law,  no  person  shall  be  subject  to  a  penalty  for  failing  to  comply  with  a  collection  of  information  if  it 
does  not  display  a  currently  valid  OMB  control  number. 


1.  REPORT  DATE 

AUG  2012 

2.  REPORT  TYPE 

3.  DATES  COVERED 

00-00-2012  to  00-00-2012 

4.  TITLE  AND  SUBTITLE 

Microvascular  Materials  for  Mass  and  Energy  Transport 

5a.  CONTRACT  NUMBER 

5b.  GRANT  NUMBER 

5c.  PROGRAM  ELEMENT  NUMBER 

6.  AUTHOR(S) 

5d.  PROJECT  NUMBER 

5e.  TASK  NUMBER 

5f.  WORK  UNIT  NUMBER 

7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES) 

University  of  California,  Irvine, Dept,  of  Chemistry,  Chemical 

Engineering,  Materials  Science, Irvine, CA, 92697 

8.  PERFORMING  ORGANIZATION 

REPORT  NUMBER 

9.  SPONSORING/MONITORING  AGENCY  NAME(S)  AND  ADDRESS (ES) 

10.  SPONSOR/MONITOR’S  ACRONYM(S) 

11.  SPONSOR/MONITOR’S  REPORT 
NUMBER(S) 

12.  DISTRIBUTION/AVAILABILITY  STATEMENT 

Approved  for  public  release;  distribution  unlimited 

13.  SUPPLEMENTARY  NOTES 

Presented  at  the  2nd  Multifunctional  Materials  for  Defense  Workshop  in  conjunction  with  the  2012  Annual 
Grantees ’/Contractors’  Meeting  for  AFOSR  Program  on  Mechanics  of  Multifunctional  Materials  & 
Microsystems  Held  30  July  -  3  August  2012  in  Arlington,  VA.  Sponsored  by  AFRL,  AFOSR,  ARO,  NRL, 
ONR,  and  ARL.  U.S.  Government  or  Federal  Rights  License 


14.  ABSTRACT 


15.  SUBJECT  TERMS 


16.  SECURITY  CLASSIFICATION  OF: 

17.  LIMITATION  OF 
ABSTRACT 

18.  NUMBER 
OF  PAGES 

19a.  NAME  OF 
RESPONSIBLE  PERSON 

a.  REPORT 

unclassified 

b.  ABSTRACT 

unclassified 

c.  THIS  PAGE 

unclassified 

Same  as 
Report  (SAR) 

45 

Standard  Form  298  (Rev.  8-98) 

Prescribed  by  ANSI  Std  Z39-18 


Micro-Vascular  Exchange  Units  :  Bio-Inspired  Energy  &  Mass 

Transfer 


VaSC  -  Vaporization  of  a  Sacrificial  Component 


Polymer  Monomer 


Solid  Fiber  MicroChannel 


•  o 


Escaping 

Monomer 


Our  Motivation  Exchange  Unit  Optimization 


Fiber  Reinforced  Composites 


50%  Composite,  30%  Lighter 


Interwoven  fibers  provide  strength 


Learn  AboutGolf.  com 


Trees:  Nature’ s  Composites 


Pacific  Yew  Tree 


cambium 


phloem 


cortex 


epidermis 
phloem 


xylem 


Vasculature  Creates  Living  Materials 


E/M  Transport  +  Regional  Chemistry  =  Growth,  Homeostasis, 
Communication 

Growth  Reactivity 


Basic  Photosynthesis 


VaSC  -  Vaporization  of  a  Sacrificial  Component 


200  °C 

Polymer  Monomer 


*s88SS8&SS8t>J n  On 


Solid  Fiber  MicroChannel 


Empty  Channel 


o  O 
A  o 

»  o 

Escaping 

Monomer 


Esser-Kahn,  A.  P.;  Thakre,  P.  R.;  Dong,  H.;  Patrick,  J.  F.;  Vlasko-Vlasov,  V.  K.; 
Sottos,  N.  R.;  Moore,  J.  S.;  White,  S.  R.  Advanced  Materials  2011,  23,  3654-3658 


Size  Range  &  Connection  of  Fibers 


Diameter  (|jm) 


20 


500 


Slim 


250  pm 


►Varying  diameters  of  range  20-500  pm 


200 


500 

1  mm^™ 


Different  Micro-Fabrication  Methods  for 
Materials:  Hamburger  to  Celery 


Lithography 


3D  Techniques 


Spin/  Cast  solution  1 

4* 


Align  &  Uniformly  Expose  UV 

uumummi 


Photolrthtxy  jphy 


J  .  .  Of  * 


j — PDM! 

■I 


Big  Mac  Assembly 


Aiyis 


Celery  Assembly 


Fibers  Can  be  Woven  Into  Composite  Materials 


Channel  extends 
over  0.5  meter! 


And  Deformed  to 
Complex  Geometries 


Esser-Kahn,  A.  P.;  Thakre,  P.  R.;  Dong,  H.;  Patrick,  J.  F.;  Vlasko-Vlasov,  V.  K.; 
Sottos,  N.  R.;  Moore,  J.  S.;  White,  S.  R.  Advanced  Materials  2011,  23,  3654-3658 


Nature:  A  brilliant  chemgineer 


Alveoli 


Gas  Exchange/Capture 


Mammal 


Microvasculature 


Lung 


Fish  Bird  A* 

1 


Rete  Mirabile 
Gas  Bladder* 


j  Alveoli ; 

mm 

St 

Hit 

t  /  x  r  ^ 

J 

Mi  pm 

3D  Gas 

Exchange  Unit 


Bronchi 


2D  Perspective 


*Gas  Bladde 


Blood  from  Body 


Lung 


O 


Blood  CO„C02  O.X 


Thermal  Exchange 
Rete 


3D  Heat 
Exchange  Unit 


2D  Perspective 


Blood  to  Heart 


^  “ft 

Blood  to  Heart  T  * 


In  Nature  Thermal  And  Gas  Exchange  Are 
Based  On  Same  Structures 


Just  how  efficient  are  natural  structures? 


■IBM 

2x10  llKwH‘yr~' 

85  xlO10 L  C02  -yr~l 


Breathing  Capacity  of  Lung 
Resting  0.5  •  L  •  min-1 
Max.  Cap.  3.0-L  min-1 


Lungs  are  some  of  the  most 
efficient  structures  known 


3  million 

(0.5  million  max  cap) 

0.1%  total  energy 


DOE,  NETL,  2008  C02  report 
Merck  -  Lung  Guide 


Man-Made  Exchangers  vs.  Natural  Exchangers 


Log  Plot  Specific  Surface  Area 
(m2*nrv3) 


1.E+06 


1.E+05 


1.E+04 


1.E+03 


1.E+02 


1.E+01 


\  0^  \  \>^  \ 


Specific  Surface  Area 
(m2*nr3) 

6.E+05  r 


5.E+05 


4.E+05 


3.E+05 


2.E+05 


1  .E+05 


1.E+01 


an^®xV  ^ 

^ 


a& 


d'®v 


x\®> 


Respiratory  Surface  Density  (mm2.mm-3) 
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What  will  our  exchange  unit  look  like? 
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Observing  Transfer  In  Exchange  Unit 
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Comparison  of  Channel  Arrangements 
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